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A 1 06 12GB-DJL/ACL 
Title: An Electric Motor 
Description of Invention 

The present invention relates to an electric motor. 

In an electric motor where a rotor is mounted outside a stator for rotation 
around the stator, the rotor typically includes a generally cylindrical rotor wall, 
and a plurality of permanent magnets or other magnetic field producing 
elements mounted on an inside surface of the rotor wall. The cylinder of the 
rotor wall is closed at one end by a top which provides a mounting for a central 
rotor shaft; the motor shaft being mounted for rotation within the stator., about 
its longitudinal axis. 

It is known to mount the rotor top on the motor shaft by means of a bush 
formed from the rotor top, the shaft engaging with the bush as an interference 
fit. In order to provide such a connection, however, the rotor top must be 
sufficiently lhick to provide enough material to form such a bush. As the rotor 
top and rotor wall are typically formed from a single sheet of metal, the sheet 
needs to be of a thickness such that there is sufficient material to form the bush . 
on the rotor top. Such a thick sheet metal provides a substantial contribution to 
the weight of the rotor, and is overly thick in comparison to the minimum 
thickness needed for the rotor wall to provide support for the magnets. 

It is iiso known to weld the shaft onto the rotor top, but this is time- 
consuming *ind is inconvenient. 

According to a first aspect of the invention we provide an electric: motor 
including a rotor mounted on a motor shaft for rotation around a stator, the 
rotor includ ing a generally cylindrical wall and a rotor top generally closiing the 
cylinder of the rotor wall, the rotor being connected to the motor sheft by a 
connecting device, the connecting device being received within an opening in 
the rotor top and having an aperture for receiving the motor shaf; as an 
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interference fit which prevents of rotation of the shaft with respect to the 
connecting device, the connecting device including a first radially outwardly 
extending formation at a first side of the rotor top, and a second radially 
outwardly e:ctending formation at a second side of the rotor top such that the 
rotor top is received between the first and second radially outwardly extending 
formations, and there being a spacer between the first radially outwardly 
extending formation and the first side of the rotor top, the spacer including 
teeth which dig into the first side of the rotor top and the first radially outwardly 
extending fcrmation to prevent of rotation of the connecting device with respect 
to the rotor. 

Thus, by virtue of the invention, a rotor top is connected to a motor shaft 

' — 

without the need for welding or forming a bush from the rotor top. 

The motor shaft and walls of the aperture in the coimecting device are 
preferably splined in order to provide an enhanced interference fit. 

The connecting device may include a generally cylindrical body portion 
through which the aperture is provided, which body portion extends through the 
opening prcvided in the rotor top. In this case, the first radially ouiwardly 
extending formation may extend from a first end of the body portion, and the 
second outwardly extending formation may extend from a second end of the 
body portion. 

The » f ?pacer is preferably an annular member such as a washer, which is 
located around the body portion of the connecting device 

According to a second aspect of the invention we provide a method of 
assembling an electric motor, the electric motor including a rotor having a 
generally cylindrical rotor wall and a rotor top generally closing the cylinder of 
the rotor wjlU, the rotor being mounted on a motor shaft for rotation about a 
stator, the motor further including a connecting device adapted for connecting 
the rotor top to the motor shaft, the method including the step of mechsmically 
deforming zi portion of the connecting device so as to form a first radially 
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outwardly ectending formation such that the rotor top is clamped between the 
first radially outwardly extending formation and a second radially outwardly 
extending formation of the connecting device and movement of the rotor with 
respect to th? connecting device is substantially prevented. 

Thus, by virtue of the invention, the need for forming a bush from the 
rotor or for welding a bush onto the rotor is avoided. 

Preferably, the method further includes the step of inserting the motor 
shaft into a:i aperture provided in the connecting device such that the shaft 
engages will the connection device as an interference fit and rotational 
movement :>f the motor shaft with respect to the connecting device is 
substantial^ prevented, 

The invention will now be described with reference to the accompanying 

drawings, of which, 

FIGLCRE 1 is an illustration of an electric motor according to ttie first 

aspect of the; invention, 

FIGirRE 2 is an illustration of a longitudinal section through part of the 
electric motor of Figure 1, and 

FIGURE 3 is an illustration of the spacer of Figure 2. 

RefeiTing now to Figure 1 ? there is shown an electric motor including a 
rotor 10 and a stator 11, the rotor 10 being adapted in use to rotate around the 
stator 11. : s he rotor 10 includes a generally cylindrical rotor wall 12a, and a 
rotor top 12 b which closes the cylinder of the rotor wall 12a. A plurality of 
magnetic fi sld producing elements, in this case permanent magnets 14, are 
mounted around an inside surface of the rotor wall 12a. 

The rotor 10 is mounted on a motor shaft 18 which extends though a 
generally central circular opening provided in the rotor top 12b axially of the 
rotor wall 12a. The shaft 18 is mounted for rotation about its longitudinal axis 
A. 
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The stiaft 18 is connected to the rotor top 12b by means of a connecting 
device 20, which includes a generally cylindrical body portion 18a and has an 
aperture extending axially through the body portion 18a. A portion of the 
motor shaft 18 extends through the aperture in the body portion 18a, and is 
retained thaein as an interference fit. To improve the interference fit and to 
reduce the possibility of the shaft 18 rotating in the aperture, both the shaft 18 
and inside walls of the aperture are splined- 

The connecting device 20 further includes a first and a second ladially 
outwardly emending formation 2 lb, 21 c s which extend radially outwardly from 
a first and second end of the body portion 18a respectively. The body portion 
21a is received in the opening provided in the rotor top 12b, and die first 
radially outwardly extending formation 21b is adjacent to a first side of the 
rotor top 12 a, and the second radially outwardly extending formation 21c is 
adjacent to the second side of the rotor top 12a. 

A spacer 22, in this example an annular member such as a washer 22 5 is 
arranged around the body portion 21a of the connecting device 20 between the 
first side of the rotor top 12a and the first outwardly extending formation 21b. 
The first outwardly extending formation 21b bears on the washer 22 tc clamp 
the rotor top 12b between the washer 22 and the second outwardly exijending 
formation 2 lc s substantially to prevent movement of the connecting device 20 
with respect to the rotor 10. 

In onler to minimise the possibility that the connecting device 20 may be 
able to rotate with respect to the rotor top 12, the washer 22 is provided with a 
plurality of i ceth 22a on its upper and lower surfaces, as shown in Figures 2 and 
3. In this example, the teeth 22a are ridges which extend radially of the washer 
22, but the teeth 22a may instead include radial rows of discrete spikes, for 
example* 
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It should be noted that the size of the teeth 22a relative to the remainder 
of the motor has been significantly exaggerated for clarity* The teeth 22a may, 
for example, be only of the order of a few microns high- 
Teeth 22a on the upper surface of the washer 22 dig into the first radially 
outwardly emending formation 21b of the connecting device 20, and teeth 22a 
on the lower surface of the washer 22 dig into the first side of the rotor top 12b. 
Thus the teeth 22a enhance mechanical locking between the washer 22 and the 
rotor top 12a and the connecting device 22. 

By virtue of the radial arrangement of the teeth 22a* the teeth 22a may 
prevent, or s.t least substantially prevent the washer 22 from rotating about axis 
A with respect to the rotor 10 or the connecting device 20. 
The rotor 10 is connected to the shaft 18 as follows. 
The connecting device 20 is supplied with the material which will make 
up the first radially outwardly extending formation 21b forming a continuation 
of the cylindrical body portion 21a. The cylindrical body portion 21a is 
inserted through the opening in the rotor top 12b such that the second radially 
outwardly formation 21c is enclosed by the rotor wall 12a and engages with the 
second side of the rotor top 12b, The washer 22 is then inserted over the first 
lip 21b and placed around the body portion 21a of the connecting device 20. 

The <,hait 18 is inserted into the shaft retaining portion 21a either before 
the connecting device 20 is fitted through the aperture in the rotor top 12b 3 or 
before or afi er the washer 22 is placed around the body portion 21a. 

The connecting device 20 is then mechanically deformed to form the 
first radially outwardly extending formation 21b and to ensure that the first 
radially outwardly extending formation 21b engages with an upper surface of 
the Washer 22 and clamp the rotor top 21b between the washer 22 and the 
second radially outwardly extending formation 21c, This may be achieved by 
peening or some other form of forging. 
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As the first radially outwardly extending formation 21b engages with the 
tipper surface of the washer 22, at least some of the teeth 22a provided on the 
upper surface of the washer 22 dig into the first radially outwardly extending 
formation 21b. Similarly, as the washer 22 is forced down onto the first side of 
the rotor top 12b* at least some of the teeth 22a provided on 1he lower surface 
of the washer 22 dig into the first side of the rotor top 12b- Thus, movement of 
the shaft 18 with respect to the rotor 10 is substantially prevented, without the 
need for welding or forming a bush from a thick-walled rotor top 12b. 

In order to reduce the noise generated by the motor it is possible to make 
the rotor wal 1 12a and/or top 12b from a layered material comprising two sheets 
of metal or other rigid material separated by a layer of visco-elastic material. 
An example of such a material is sold commercially under the trade mark 
BONDAL®. 

Alternatively,, or additionally, it is possible to make the washer 22 from 
such a layer sd material, and this has been found to assist in damping vibration 
of the rotor 12, particularly when the motor is operating at high speed. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS 

1 . An electric motor including a rotor mounted on a motor shaft for rotation 
around a stator, the rotor including a generally cylindrical wall and a rotor top 
generally closing the cylinder of the rotor wall, the rotor being connected to the 
motor shaft by a connecting device* the connecting device being received 
within an opening in the rotor top and having an aperture for receiving the 
motor shaft as an interference fit which prevents of rotation of the shaft with 
respect to the connecting device, the connecting device including a first radially 
outwardly extending formation at a first side of the rotor top, and a second 
radially outwardly extending fonnation at a second side of the rotor top such 
that the rote* top is received between the first and second radially outwardly 
extending formations,, and there being a spacer between the first radially 
outwardly extending formation and the first side of the rotor top, the spacer 
including teeth which dig into the first side of the rotor top and the first radially 
outwardly extending formation to prevent of rotation of the connecting device 
with respect to the rotor. 

2. A motor according to claim 1 wherein the motor shaft and walhi of the 
aperture in the connecting device are splined. 

3. A motor according to claim 1 or 2 wherein the connecting device 
includes a generally cylindrical body portion through which the aperture is 
provided, wiiich extends through the opening provided in the rotor top. 

4. A motor according to claim 3 wherein the first radially outwardly 
extending formation extends from a first end of the body portion., ;ind the 
second outv rardly extending formation extends from a second end of the body 
portion* 
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5. A motor according to claim 3 or 4 wherein the spacer is an cinnular 
member, which is located around the body portion of the connecting device. 

6. A motor substantially as hereinbefore described with reference to and/or 
as shown in the accompanying drawings. 

7. A method of assembling an electric motor, the electric motor including a 
rotor having a generally cylindrical rotor wall and a rotor top generally dosing 
the cylinder of the rotor wall, the rotor being mounted on a motor shaft for 
rotation aboit a stator, the motor further including a connecting device adapted 
for connectiig the rotor top to the motor shaft, the method including the step of 
mechanically deforming a portion of the connecting device so as to form a first 
radially outsvardly extending formation, such that the rotor top is clamped 
between the first radially outwardly extending formation and a second radially 
outwardly extending formation of the connecting device and movement of the 
rotor with respect to the connecting device is substantially prevented. 

S. A me;thod according to claim 7 wherein the method further includes the 
step of inserting the motor shaft into an aperture provided in the connecting 
device such that the shaft engages with the connection device as an interference 
fit and rotational movement of the motor shaft with respect to the connecting 
device is substantially prevented, 

9. A mtJthod of assembling an electric motor substantially as hereinbefore 
described w ith reference to the accompanying drawings . 

10- Any novel feature or novel combination of features hereinbefore 
described and/or shown in the accompanying drawings. 
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An electric motor including a rotor (10) mounted on' a motor shaft (L8) for 
rotation around a stator (11), the rotor (10) including a generally cylindrical 
wall (12a) aid a rotor top (12b) generally closing'the cylinder of the rotor wall 
(12a), the rotor (10) being connected to the motor shaft (18) by a connecting 
device (20), the connecting device (20) being received within an opening in the 
rotor top (12b) and having an aperture for receiving the motor shaft (18) as an 
interference fit which prevents of rotation of the shaft (18) with respeci: to the 
connecting device (20), the connecting device (20) including a first radially 
outwardly extending formation (21b) at a first side of the rotor top (12b^ and a 
second radi;dly outwardly extending formation (21c) at a second side of the 
rotor top (Lib) such that the rotor top (12b) is received between the first and 
second radially outwardly extending formations (12b, 12c), and there being a 
spacer (22) between the^ first radially outwardly extending formation (K*b) and 
the first sidfr of the rotor top (12b) 4 the spacer (22) including teeth (22a> which 
dig into the first side of the rotor top (12b) and the first radially outwardly 
extending fcirmation (21b) to prevent of rotation of the connecting device (20) 
with respect to the rotor (10). 
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